1. Introduction {#sec1}
===============

The composite material is a combination of two different materials. The combination of laminated sheets of fabric materials and resin is called laminate composite. In order to increase the mechanical properties of the composites, different techniques can be used such as adding hard materials (ceramics, glass mats or silicone), using chemical additives or making coating layer \[[@bib1]\]. Fiberglass is one of the promising material that can be used in laminate composite production. It is made by heating glass until it is molten when it is formed to very thin fibers by forcing it through superfine holes \[[@bib2]\]. Adding resins to fiberglass give it the required strength to be used in producing different common items such as doors, sporting equipment, and swimming pools \[[@bib3]\]. Fiber content effect on the composite properties, increasing in fiber leads to an increase in tensile properties \[[@bib4], [@bib5]\]. The processing techniques also affect the composite properties \[[@bib6]\].

Hybrid composite refers to the matrix reinforced with more than two fillers \[[@bib7]\]. The benefits of using hybrid composites depend on the fact that the characteristic of single filler can be enhanced by another filler \[[@bib8]\]. There are many nano fillers used today such as carbon nanotube, nano clay and nano carbon fibers \[[@bib9]\]. The Graphene Nano Platelet GnP is widely nano filler in many advanced applications such as batteries, sensors and super capacitors \[[@bib10], [@bib11]\]. The GnP transfers the stress efficiently improves the capability of load carrying that is due to large specific surface area. Adding GnP nano filler to polymeric composite leades to improve dynamic, thermal, electrical and mechanical properties of the composites \[[@bib12]\]. There are many reserches reported that graphene nano composites showed stiffness and strength higher than carbon nano composites and with low cost \[[@bib9], [@bib13]\].

Thermal and dynamic behavior of polymers are important parameters in mechanical design, Dynamic Mechanical Analysis DMA is a widely used technique to determine viscoelastic and morphology of polymer and composite materials \[[@bib14]\]. Polyurethane resin reinforced with fiberglass (FRP) is used to produce wall panels, that are used in washable low-maintenance walls. Polyurethane resin is a thermosetting polymer that formed to final shape by mixing it with a catalyst such as methyl ethyl ketone or benzoyl peroxide \[[@bib15]\]. In the current study, different combinations (according to fiberglass type and wt% from Graphene nano platelets GnP) were examined to find out the properties of each combination. Tensile tests were used to study the tensile behavior of the laminate Composite. Dynamic analysis tests were conducted on the DMA machine to evaluate the dynamic behavior of composite. Several works \[[@bib16], [@bib17]\] reported that adding nano fibers or particles could improve composites properties such as thermal and dynamic properties. Moreover, the nano filler plays a great role in the relaxation of chains macromolecular polymeric \[[@bib18], [@bib19]\]. The primary focus in current research is study the effect of fiberglass type and the effect of adding very small amount of Nanofiller to resin on mechanical and thermal properties of multilayers laminate composite.

2. Experimental work {#sec2}
====================

2.1. Materials {#sec2.1}
--------------

The material used in this study consists of fiberglass with continuous fibers (woven roving) and with random fibers obtained from Fibrex Egypt. Fabric weights of continuous and random fiber were 345 g/m^2^ and 363 g/m^2^ respectively. The average length of random fibers used in the investigation was 1.7 mm. Vacuum casting Polyurethane resin (PX 225) and acid anhydride hardener were purchased from Axson Middle East, [Table 1](#tbl1){ref-type="table"} shows physical properties of the selected resin at room temperature. The ratio of resin to hardener was 100 to 75 by wt %. In order to remove any existing moisture in fiberglass, it is placed in an oven for 18 h at 80 °C. The specimens were made manual by placed layers inside aluminum mold (A6061) according to required combination to produce a square panel (20 × 20 cm^2^), then the panel was cured under hydraulic pressure of 50 kg/cm^2^) for 50 min at room temperature (23 °C ±1). In this work, layer from liquid wax is applied on the mold to facilitate the panel removal, [Figure 1](#fig1){ref-type="fig"} shows preparation steps used in the investigation. Each panel has 12 layers of fibers with an approximate thickness equal to 3 mm. The details of the combination of the fibers are shown in [Table 2](#tbl2){ref-type="table"}. In order to prepare the random fiber layer digital balance was used to weight the required amount from random fiber to reach the required volume fraction of glass fiber. The panels were cut into samples according to the required geometry by laser cutting. The resulting samples were cured at 90 °C for 2 h to finish the crosslinking reaction.Table 1Physical, mechanical and thermal properties of the polyurethane resins.Table 1PropertiesValueFlexural modulus (MPa) obtained using ISO 14130 (Instron, Hungary)2500 (MPa)Viscosity at 25°C (mPa.s) obtained using A21 Digital Brookfield rotational viscometer ASTM D4402, (Xian Zealchon Electronic Technology Co., Ltd., China)4Density at 25°C (g/cm^3^) obtained using liquid densimeter DA-300W, (Dongguan Hongtuo Instrument, china)1.17Hardness (Shore D) obtained using Shore Hardness Meter (Shore Durometer, China)80Figure 1Preparation steps used in the investigation.Figure 1Table 2GnP wt% in each sample.Table 2Sample no.Type of glass fiberGnP (wt%)1Continuous02Random03Continuous0.14Random0.15Continuous0.36Random0.37Continuous0.48Random0.49Continuous0.510Random0.5

The volume fraction of fiber in the composite is an important parameter and it is calculated according to the following equation \[[@bib20]\]:$$Vf = \frac{Mf}{\rho f}$$where, Vf= volume of glass fiber, Mf= Mass of glass fiber, $\rho f$ = Density of glass fiber

Fiber used is fiberglass has density $\rho f = 1.8\ g/cm^{3}$

Resin used has density: = 1.17 g/cm^3^

By measuring the weight of fiber and dividing it with its density, Vf= 41 cm^3^

By measuring the weight of matrix (resin + hardener) and dividing it with its density, Vm= 96 cm^3^

The volume fraction of fiber =$\frac{Vf}{Vc}$ = $\frac{41}{137}$= 0.299 ≈ 0.3

The volume fraction of matrix =$\frac{Vm}{Vc}$ = $\frac{96}{137}$= 0.7

Graphene Nanoplatelets (GnP grade: Nano19) were purchased from Asbury, Inc in a powder form used as reinforcement. Graphene is a 2D sheet of sp2 bonded carbon atoms, organized in a hexagonal lattice \[[@bib21]\]. GnP has unique morphology and size which enhanced its mechanical and thermal properties \[[@bib22]\]. The orientation of GnP was randomly distributed in the matrix, [Figure 2](#fig2){ref-type="fig"} shows an SEM image of Graphene Nanoplatelets. The percentage of GnP for each combination were (0.1,0.3, 0.4 and 0.5%). The densities of samples were calculated according to Archimedes principle shown below:$$\text{Density~(}\rho\text{)} = \frac{\text{ρ~of~fluid~} \times \text{weight~in~air}}{\text{weight~in~air} - \text{~weight~in~fluid}}$$Figure 2SEM image of Graphene Nanoplatelets.Figure 2

2.2. Mechanical properties {#sec2.2}
--------------------------

Barcol hardness values were measured to study the effect of wt% of Nanofiller and fiberglass of type on the composite hardness. Hardness tests are conducted according to (D2583-87 ASTM). Tensile tests were used to study how the laminate composite break or deform as a function ofapplied load at room temperature by using a Computer Control Polymer Universal Testing machine/universal testing machine UTES-20 (FIE, India). The dimensions of the tensile sample are illustrated in [Figure 3](#fig3){ref-type="fig"} based according ASTM E8 . Surfaces of fracture in some samples were gold sputtered and then observed with a scanning electron microscope to study the failure mechanisms. Samples are examined directly by scanning electron microscope JSM 6480 LV (JEOL, USA) at 30 Kv. Charpy impact test was used to study the impact of absorbing properties for the composites. Tests were obtained using Charpy Impact Testing Machine (XJJD Electronic, China) for the rectangular shape samples with 14 mm as a length, and 30 mm as a width and 60 mm thickness mm and V-notch angle equal 60°.Figure 3Geometry and dimensions of the tensile test sample.Figure 3

2.3. Thermal properties {#sec2.3}
-----------------------

Thermal analysis of samples was conducted using DSC Analysis of the graft copolymers samples was conducted using differential scanning calorimetric analyzer (DSC NETZSCH 214). The measurement was carried out under N2 gas with a scanning rate of 10 °C/min and temperatures ranged from 30-250 °C.

3. Results and discussion {#sec3}
=========================

3.1. Microstructure {#sec3.1}
-------------------

[Figure 4](#fig4){ref-type="fig"} shows the scanning electron and microscope photograph of upper surface for laminate composite microstructure for the two types of fiberglass. It can be observed that polyurethane resin penetrated inside woven roving and no agglomeration or voids appeared in the woven roving surface ([Figure 4](#fig4){ref-type="fig"}A), on the other hand, polyurethane resin shows the bad distribution in the surface of the random discontinuous fiber and many voids and resin agglomerations appeared ([Figure 4](#fig4){ref-type="fig"}B). So, it can be concluded that woven roving samples show better distribution for the matrix compared with random discontinuous fiberglass samples. According to SEM analysis GnP, are excellent distributed over the surface of the laminate composite in the continuous fiberglass and penetrate between fibers and resin in the random fiberglass. This is due to the nature of continuous fiberglass is obstructing the Nanoplatelets from penetration between the fibers, on the other hand, the Nanoplatelets can move easily between the fibers in the random fiberglass \[[@bib23]\].Figure 4Laminte composite microstructure (A) Continuous (woven roving) fiberglass/0.5 wt% GnP.(B) Random discontinuous fiberglass/0.5 wt% GnP.Figure 4

3.2. Density test {#sec3.2}
-----------------

[Figure 5](#fig5){ref-type="fig"} shows the density of each sample, it is clear from the Figure the effect of the type of fiberglass and Nano filler content on the composite density \[[@bib24], [@bib25]\]. The density of laminate composite mainly depends upon the fraction of filler content and type of fiber. The continuous fibers samples show high density compared with random fibers samples. Increasing in the density for continuous fibers could be attributed to the spaces between the fibers layers which lead to increase the mass per unit area in continuous fibers \[[@bib26]\]. It is clear from the Figure that the density of laminate composite decrease with the increase of the fraction of Graphene Nanoplatelets. The density of composites reinforced with 0.5 wt% of GnP is much lower than that reinforced with 0.1 wt% of GnP. This is due to that particle with high densities have high masses compared to te particles with the same size but with lower density. Since the the GnP have a small density compared with the density of fiberglass and epoxy, this lead to decrease in the density with the increase in the GnP content \[[@bib27]\].Figure 5Density of the composite\'s samples.Figure 5

3.3. Hardness measurements {#sec3.3}
--------------------------

The testing results of Barcol hardness of the laminate composite reinforced with different fractions of GnP are exhibited in [Figure 6](#fig6){ref-type="fig"}, the results is an average of three readings. As illustrated in the Figure the Barcol hardness of the laminate composite samples is much higher after the addition GnP reinforcements when compared with that of the unreinforced samples (30 Barcol hardness for the random sample and 32 Barcol hardness for continuous fiber sample). The intensive resistance of the reinforcement laminate composite decreases the trend of the plastic deformation, which will increase the Barcol hardness of the composites \[[@bib28]\]. The Figure reveals also, that samples with a continuous fiber (Woven Roving) show higher values compared with random fiber samples. Maximum and minimum Barcol hardness values of the composite samples were found to be 45 and 33, respectively. This decrease in the Barcol hardness values possibly resulted from voids and air bubbles that enter the random fiber samples during the preparation process \[[@bib29]\]. In continues fiber glass the woven structure produces pockets from resin in the cross-over points which play a significnt role in enhancing the hardness values. On the other hand, in random fibers, there is a bad distribution for fibers inside the resin. This bad distribution could result from the spaces between fibers itself and inclusions resulted during resin drying leads to reduce the hardness of the composite \[[@bib30]\].Figure 6Barcol hardness for composites samples.Figure 6

3.4. Impact strength {#sec3.4}
--------------------

The relationship between the sample and absorbing energy is shown in [Figure 7](#fig7){ref-type="fig"}. It is clear from the results that fractions of GnP and fiberglass type had a significant effect on the absorbing energy of the composite samples. The figure shows also that absorbing energy in continuous fiberglass enhanced by 25.78, 26.74, 30.73 and 28.69 % with including 0.1, 0.3, 0.4 and 0.5 wt% GnP, respectively. The absorbing energy in random fiberglass have the same behavior, it is enhanced 19.83, 22.8, 27.77 and 24.72% with including 0.1, 0.3, 0.4 and 0.5 wt% GnP, respectively.Figure 7Results of Charpy impact test.Figure 7

It is concluded that impact strength increases for both types of fiberglass from 0 to 0.4 wt% and further decreases for 0.5 wt.% GnP filler content, and samples with a continuous fiber (Woven Roving) show higher absorbing energy compared with random fiber samples. The increase in impact strength is due to that capability of absorbing energy in composites is depending on the properties of the constituents and on the strength of a bond between the fiber, resin and GnP filler \[[@bib31], [@bib32]\]. Because of the weak bond between the fibers and resin in random fiberglass, it showed lower absorbing energy compared with continuous fiberglass. Also the enhancing in impact strength may be due to the possibility of having a more uniform distribution of fiberglass in woven structure comparing with random structure \[[@bib29]\] Which reduces the effect of resin pockets also the intertwined nature of woven structure helps in dispersing the effective load which increases the amount of absorbing energy. In random fiber samples, the weak bonds between the fibers and matrix (polyurethane resin) can cause propagation for the cracks through the composites, thus absorbing much less energy in the random fiber samples.

3.5. Thermal properties {#sec3.5}
-----------------------

Based on the DSC results in [Figure 8](#fig8){ref-type="fig"}, the glass transition temperature for pure polyurethane resin is 98 °C. [Figure 9](#fig9){ref-type="fig"} shows the effects of fractions of GnP and type of fiberglass on the values of tg delta, it can be observed that the major changes in tg delta when the composites pass the glassy to a rubbery state. In addition, the figure shows that the tg delta values decreases as the wt% of GnP are increased in the samples. This is due to that relaxation capacity of polymer chain segments decreases under the effect of the polymer-nano filler interaction \[[@bib33]\].Figure 8DSC data of pure polystyrene.Figure 8Figure 9Loss tangent curves for all samples.Figure 9

[Figure 10](#fig10){ref-type="fig"} shows storage modulus curves for all samples, it can be observed that woven samples have maximum storage modulus such as the storage modulus of sample 1 at 40 C is 1892 MPa, while the storage modulus of sample 2 at 40 C is 1811 MPa. The woven structure enhances adhesion characteristics with polyurethane resin, which leads to prevent the formation of voids at the fiber matrix-reinforced interface \[[@bib34], [@bib35], [@bib36], [@bib37], [@bib38]\].Figure 10Storage modulus curves for all samples.Figure 10

3.6. Mechanical properties {#sec3.6}
--------------------------

### 3.6.1. Tensile strength {#sec3.6.1}

In this research, the mechanical properties were studied to identify the behavior of the composite at different types of fiberglass and different wt.% of GnP. To study how the composites, deform or break as a function with applied load, ultimate tensile strength values of the different composite samples are measured and represented in [Figure 11](#fig11){ref-type="fig"}. Note that, increases by approximately 78% in continuous and random samples 82% when GnP are used as reinforced when compared to not adding them at all, and once again, the ultimate tensile strength is consistently higher in the continuous fiber samples.Figure 11Tensile test results for random and continuous fiber samples.Figure 11

Maximum tensile strength found in sample 9 was 312 MPa, hence when the tensile strength of sample 7 is compared with other samples 1,2,3,4,5,6,8 and 10 the strength of composite 9 is increased by 68%, 58%,75%,60%,81%,62%, 92%,66% and 74% respectively. The improvement in the tensile strength is due to the woven structure act as an obstruction in the stress transfer from point to another \[[@bib39]\] and due to the higher storage modulus improves material mechanical strength as a result of the reduction in polymeric chain movement under the stiffening effect \[[@bib40], [@bib41]\]. The insufficient bonding between fiberglass and polyurethane resin in the random type leads to reduce the composite tensile strength. The fiber arrangement in the loading direction is an effective parameter in increasing the value of composite tensile strength \[[@bib42]\]. The increase in the void content and agglomeration on the random fiber arrangement also effects the tensile strength \[[@bib43]\]. According to [Figure 11](#fig11){ref-type="fig"}d, 0.5 wt.% of GnP continuous fiber has the highest tensile strength. This could be because of excellent GnP distribution. When nano plates are added, the applied force to laminate composite was easily transferred to fiber \[[@bib44]\], so the GNP containing samples could show more tensile strength than pure laminate composite, tensile strength of 0.5 wt.% of GnP continuous fiber and 0.5 wt.% of GnP random fiber showed approximately 36 and 27 higher than that of pure laminate composite, respectively.

[Figure 12](#fig12){ref-type="fig"} is Scanning Electron Micrographs of tensile fracture surfaces of samples 1 and 2. It is clearly seen from figures that the region between neighboring plies were rich with resin and there is no effect for the GnP contents on the thickness of the resin rich region. On the other hand the the resin rich regions were thicker in the random fiber samples compared with continuous fiber samples. The figures also reveal, that the surface of the fracture runs in the weak area parallel to the fiber axis. Pull out fibers phenomena appears clearly in the random fiberglass samples ([Figure 12](#fig12){ref-type="fig"}), this is due to weak bond between the matrix and fibers. Also, it is clearly seen that the continues fiberglass shows excellent retention of polyurethane resin the broken area. On the other hand, the random fiber shows holes, voids, and uncoated fibers. Thus, the indication of better fiber/matrix bonding in the case of continuous fiber is further supported by the (SEM) study. [Figure 13](#fig13){ref-type="fig"} shows the fracture surface of continuous fiberglass with GnP contents of 0.1, 0.3, and 0.5 wt%. The Nanoplates were in a random distribution, they were distinguished as irregular shapes and no sign of agglomeration of GnP was detected. The figures show also an excellent dispersion of GnP at the interface between the matrix and Nanoplates. Excellent dispersion of GnP indicates that improvement in the strength was achieved.Figure 12Scanning electron micrographs of tensile fracture surfaces of sample 1,2.Figure 12Figure 13Scanning electron micrographs of tensile fracture surfaces of (A) GnP 0.1 wt%, (B) GnP 0.3 wt%, and (C) GnP 0.5 wt%.Figure 13

4. Conclusion {#sec4}
=============

Laminate composites based on glass fibers with different fiber types were successfully fabricated. Analysis of their mechanical properties under an applied load, in particular, their tensile strength relative to fiber types and dispersed GnP wt%, has led to the following conclusions: 1.continuous fiberglass increases the tensile strength by 58%--92% over random fiber at different content of GnP.2.The dispersion of 0.5 wt% of GnP producing maximum tensile strength of 312 MPa in continuous fiberglass.

The analysis of physical and thermal properties for laminate composites has led to the following conclusions.1.Continuous fiber (Woven Roving) show higher Barcol hardness values compared with random fiber samples.2.The density of laminate composite mainly depends upon the fraction of filler content and type of fiber.3.The continuous fibers samples show high density compared with random fibers samples.4.Impact strength increases for both types of fiberglass from 0 to 0.4 wt% and further decreases for 0.5 wt.% GnP filler content.5.Woven samples have maximum storage modulus and the tg delta values decrease as the wt% of GnP is increased in both types of fiberglass.
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